Introduction
============

Coronary heart disease is a major cause of death and disability that causes serious debilitation in patients, with an incidence rate that is increasing on a yearly basis ([@b1-etm-0-0-8644],[@b2-etm-0-0-8644]). Acute myocardial infarction (MI) is a coronary heart disease with high worldwide incidence and mortality rates that leads to myocardial tissue injury and ultimately disability or death ([@b3-etm-0-0-8644]). Hypoxia is one of the primary causes of MI. Under hypoxic conditions, changes in energy metabolism occur during mitochondrial respiration in which anaerobic glycolysis results in numerous physiological and pathological reactions leading to acidosis and necrosis ([@b4-etm-0-0-8644]). Therefore, understanding the pathogenesis of MI may highlight potentially novel targets to limit damage.

MicroRNAs (miRNAs or miRs) are small single-stranded non-coding RNAs that are 22-25 nucleotides in length ([@b5-etm-0-0-8644],[@b6-etm-0-0-8644]). miRNAs post-transcriptionally regulate gene expression ([@b7-etm-0-0-8644]) and mediate the degradation of or inhibit the translation of mRNAs by directly binding to their 3\' untranslated region (3\'-UTR) ([@b10-etm-0-0-8644],[@b11-etm-0-0-8644]). Numerous studies have demonstrated that miRNAs serve an important role in the pathogenesis of many types of cancer ([@b12-etm-0-0-8644]), including miR-663b, indicating that they may be involved in the occurrence and development of tumors ([@b15-etm-0-0-8644]).

Pan *et al* ([@b16-etm-0-0-8644]) demonstrated that miR-663b is downregulated in gastric cancer and Jiao *et al* ([@b17-etm-0-0-8644]) revealed that expression was increased in castration-resistant prostate cancer. Additionally, miR-663b is upregulated in nasopharyngeal carcinoma ([@b18-etm-0-0-8644]). Liang *et al* ([@b19-etm-0-0-8644]) demonstrated that miR-663b promoted proliferation by targeting tumor suppressor candidate 2 and that the resulting upregulation was associated with advanced clinical stage cancer and lymph node metastasis. miR-663b expression is also upregulated in patients with MI ([@b20-etm-0-0-8644]). However, its role and function in MI remain unknown.

The aim of the present study was to determine whether miR-663b served a role in hypoxia-induced cardiomyocyte injury *in vitro* and to study the specific underlying molecular mechanisms. The present study may provide a theoretical basis for the development of novel strategies for the treatment of MI.

Materials and methods
=====================

### Cell culture and transfection

Rat cardiomyocyte H9c2 cells were purchased from the Cell Bank of the Type Culture Collection of the Chinese Academy of Sciences. H9c2 cells were cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and incubated at 37˚C with 5% CO~2~. To simulate hypoxic damage, cells were incubated for 48 h at 37˚C with 94% N~2~, 5% CO~2~ and 1% O~2~ ([@b21-etm-0-0-8644]). Cells in the control group were incubated at 37˚C with 5% CO~2~.

Under hypoxic conditions, H9c2 cells were transfected with 50 nM miR-663b inhibitor (5\'-GCGGUCCCGCGGCGCCCCGCCU-3\'; Shanghai GenePharma Co., Ltd.), 50 nM inhibitor control (5\'-UUGUACUACACAAAAGUACUG-3\'; Shanghai GenePharma Co., Ltd.), 50 nM miR-663b inhibitor + 1 µM control-small interfering (si)RNA (cat. no. sc-36869; Santa Cruz Biotechnology, Inc.) or 50 nM miR-663b inhibitor + 1 µM B-cell lymphoma 2 like 1 (BCL2L1)-siRNA (cat. no. sc-29216; Santa Cruz Biotechnology, Inc.) for 48 h using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. Transfection efficiency was assessed using reverse transcription quantitative PCR (RT-qPCR) 48 h after experimentation.

### RT-qPCR

Total RNA was extracted from H9c2 cells using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNA was reverse transcribed into cDNA using a cDNA Reverse Transcription kit (Vazyme, Biotech Co., Ltd.) at a temperature of 42˚C for 60 min and 75˚C for 5 min. qPCR was performed using a SYBR™ Green PCR Master kit (Vazyme Biotech Co., Ltd.). The thermocycling conditions were as follows: Initial denaturation at 95˚C for 3 min; followed by 40 cycles of 95˚C for 30 sec, 56˚C for 30 sec and 72˚C for 30 sec. Primer sequences used for PCR were listed as follows: miR-663b forward, 5\'-CGCTAACAGTCTCCAGTC-3\' and reverse 5\'-GTGCAGGGTCCGAGGT-3\'; BCL2L1 forward, 5\'-GACTGAATCGGAGATGGAGACC-3\' and reverse 5\'-GCAGTTCAAACTCGTCGCCT-3\'; U6, 5\'-GCTTCGGCAGCACATATACTAAAAT-3\'; reverse, 5\'-CGCTTCACGAATTTGCGTGTCAT-3\'; GAPDH forward, 5\'-CTTTGGTATCGTGGAAGGACTC-3\' and reverse, 5\'-GTAGAGGCAGGGATGATGTTCT-3\'. The fold change of gene expression was calculated using the 2^-ΔΔCq^ method ([@b22-etm-0-0-8644]). U6 and GAPDH were used as the internal controls for normalizing expression of miRNA and mRNA, respectively. All experiments were performed in triplicate.

### Dual-luciferase reporter assay

TargetScan analysis (version 7.2; <http://www.targetscan.org/vert_72/>) was performed to examine the association between miRNA-663b and BCL2L1. The results indicated that miR-663b binding sites were present in BCL2L1. To confirm binding between miR-663 and BCL2L1, a dual luciferase reporter assay was performed.

Luciferase reported plasmids (psi-CHECK2) containing BCL2L1 wild-type (WT-BCL2L1) or mutant (MUT-BCL2L1) 3\'-UTRs were synthesized by TsingKe Biotech Co. H9c2 cells were co-transferred with WT-BCL2L1 or MUT-BCL2L1 luciferase reporter plasmids and the miR-663b mimic or mimic control, respectively, using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Cells were harvested 48 h after transfection and luciferase activity was measured using a Dual-Luciferase^®^ Reporter Assay system (Promega Corporation) according to the manufacturer\'s protocol. Firefly luciferase was used to normalize data.

### Western blotting

Total protein was extracted from H9c2 cells using RIPA lysis buffer (Beijing Solarbio Science & Technology Co., Ltd.) at room temperature for 30 min, after which samples were stored at -20˚C. A bicinchoninic acid assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used to quantify protein concentration. Equal quantities of protein (30 µg/lane) were loaded onto a 15% gel, resolved using SDS-PAGE and transferred onto PVDF membranes (EMD Millipore). Membranes were blocked with 5% skimmed milk in TBS containing 0.1% Tween at room temperature for 2 h. Subsequently, the membranes were incubated with the following primary antibodies: Anti-BCL2L1 (cat. no. sc-70418; 1:1,000; Santa Cruz Biotechnology, Inc.), anti-cleaved-Caspase-3 (cat. no. ab2302; 1:1,000; Abcam) or anti-GAPDH (cat. no. 5174; 1:1,000; Cell Signaling Technology, Inc.) at 4˚C overnight. The membranes were incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G secondary antibodies (cat. no. 7074; 1:2,000; Cell Signaling Technology, Inc.) at room temperature for 2 h. Signals were visualized using enhanced chemiluminescence reagent (EMD Millipore) and GAPDH was used as the loading control.

### Flow cytometry analysis

Transfected cells (1x10^6^ cells) were harvested, centrifuged at a low temperature at a high speed (1,000 x g; 4˚C; 5 min) and re-suspended in 200 µl binding buffer containing 10 µl fluorescein isothiocyanate-annexin V. After centrifugation, cells were re-suspended in 5 µl propidium iodide (PI) and 300 µl PBS, and incubated for 30 min at room temperature in the dark. Cells were then stained using annexin-V/PI Apoptosis Detection kit (BD Biosciences) according to the manufacturer\'s protocol. Fluorescence was assessed using a BD FACSCalibur™ flow cytometer (Becton, Dickinson and Company) and flow data was analyzed using FlowJo (version 7.6.1; FlowJo LLC).

### MTT assay

H9c2 cells were transfected with miR-663b inhibitor, inhibitor control, miR-663b inhibitor + control-siRNA or miR-663b inhibitor + BCL2L1-siRNA for 48 h under hypoxic conditions. Transfected cells were then plated in a 96-well plate at a density of 5x10^3^ cells/well. After 24 h of incubation at 37˚C, 20 µl MTT reagent (Sigma-Aldrich; Merck KGaA) was added to each well. Following a further 4 h of incubation at 37˚C, 150 µl DMSO was added to each well and agitated for 15 min in the dark. Optical density values were measured at 490 nm using a microplate reader.

### ELISA

Levels of certain inflammatory cytokines, including tumour necrosis factor α (TNF-α; cat. no. PT516), interleukin (IL) 1β (cat. no. PI303) and IL-6 (cat. no. PI328) in cell supernatants were detected using specific ELISA kits (Beyotime Institute of Biotechnology) according to the manufacturer\'s protocol.

### Assessment of cellular injury

Following treatment, the release of various cardiomyocyte injury biomarkers, including creatine kinase-muscle/brain (CK-MB; cat. no. CSB-E14403r; Cusabio Technology LLC) and cardiac troponin I (cTnI; cat. no. CSB-E08594r; Cusabio Technology LLC) was determined using specific ELISA kits according to the manufacturer\'s protocol. Mitochondrial viability was measured using a mitochondrial viability staining kit (cat. no. ab129732; Abcam) according to the manufacturer\'s protocol.

### Statistical analysis

Statistical analyses were performed using GraphPad Prism software (version 5; GraphPad Software, Inc.). Statistical differences between groups were determined using a Student\'s t-test or one-way ANOVA followed by Tukey\'s post hoc test. Data are expressed as the mean ± standard deviation of at least three independent experiments. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-663b expression is significantly increased in hypoxia-induced H9c2 cells

To examine the role of miR-663b in hypoxia-induced H9c2 cells, miR-663b expression was assessed using RT-qPCR. The results revealed that miR-663b expression was significantly upregulated in H9c2 cells compared with the control group ([Fig. 1](#f1-etm-0-0-8644){ref-type="fig"}), indicating that miR-663b may be associated with the development of MI.

### BCL2L1 is a direct target gene of miR-663b

To determine the role and mechanism by which miR-663 exerted its effects, bioinformatics analysis was performed using TargetScan to predict miR-663b targets. BCL2L1 was predicted to be a target gene of miR-663b ([Fig. 2A](#f2-etm-0-0-8644){ref-type="fig"}).

The 3\'-UTR (WT or MUT) of BCL2L1 was inserted into the pmiR luciferase reporter and H9c2 cells were co-transfected with the miR-663b mimic and luciferase reporter plasmid. The results revealed that miR-663b mimic co-transfection with the WT-BCL2L1 3\'-UTR reporter inhibited luciferase activity while miR-663b mimic had no effect on the reporter containing the MUT-BCL2L1 3\'-UTR ([Fig. 2B](#f2-etm-0-0-8644){ref-type="fig"}). These data suggested that BCL2L1 was a direct target gene of miR-663b.

Subsequently, the expression of BCL2L1 in hypoxia-induced H9c2 cells was determined. RT-qPCR and western blotting demonstrated that BCL2L1 expression was downregulated in hypoxia-induced H9c2 cells ([Fig. 2C](#f2-etm-0-0-8644){ref-type="fig"} and [D](#f2-etm-0-0-8644){ref-type="fig"}).

### Effect of miR-663b inhibitor on H9c2 cell injury induced by hypoxia

H9c2 cells were transfected with inhibitor control or miR-663b inhibitor for 48 h. RT-qPCR revealed that the miR-663b inhibitor significantly reduced miR-663 expression in H9c2 cells compared with controls ([Fig. 3A](#f3-etm-0-0-8644){ref-type="fig"}). Additionally, H9c2 cells were transfected with BCL2L1-siRNA or control-siRNA. RT-qPCR results revealed that BCL2L1-siRNA significantly decreased the expression of BCL2L1 at the mRNA level in H9c2 cells compared with controls ([Fig. 3B](#f3-etm-0-0-8644){ref-type="fig"}). Subsequently, H9c2 cells were co-transfected with miR-663b inhibitor + control-siRNA, or miR-663b inhibitor + BCL2L1-siRNA. RT-qPCR and western blotting results revealed that miR-663b inhibitor significantly increased the expression of BCL2L1 at the mRNA level and that this increase was reversed by BCL2L1-siRNA ([Fig. 3C](#f3-etm-0-0-8644){ref-type="fig"}). Similar results were observed at the protein level as determined via western blotting ([Fig. 3D](#f3-etm-0-0-8644){ref-type="fig"}).

The effect of miR-663b on hypoxia-induced cell damage was determined by detecting the release of two biomarkers associated with cardiomyocyte injury, CK-MB and cTnI. Compared with the controls, hypoxia significantly increased the release of CK-MB and cTnI whereas the miR-663b inhibitor significantly decreased CK-MB ([Fig. 3E](#f3-etm-0-0-8644){ref-type="fig"}) and cTnI release ([Fig. 3F](#f3-etm-0-0-8644){ref-type="fig"}). Transfection of BCL2L1-siRNA abolished the aforementioned changes. Furthermore, hypoxia also significantly reduced mitochondrial viability while miR-663b inhibitor improved mitochondrial viability in H9c2 cells ([Fig. 3G](#f3-etm-0-0-8644){ref-type="fig"}). These changes were reversed by transfection of BCL2L1-siRNA.

### Effect of miR-663b inhibitor on cell growth of hypoxia-induced H9c2 cells

Under hypoxic conditions, H9c2 cells were transfected with inhibitor control, miR-663b inhibitor, miR-663b inhibitor + control-siRNA or miR-663b inhibitor + BCL2L1-siRNA for 48 h, after which an MTT assay was performed to measure cell viability. The results revealed that hypoxia significantly decreased the viability of H9c2 cells, whereas miR-663b inhibitor increased cell viability. This change was reversed by BCL2L1-siRNA when compared with the controls ([Fig. 4A](#f4-etm-0-0-8644){ref-type="fig"}). Flow cytometry was subsequently performed to detect the proportion of apoptotic cells. The results revealed that hypoxia induced cell apoptosis and that the miR-663b inhibitor decreased cell apoptosis in the hypoxic cells compared with controls. These changes were reversed following BCL2L1-siRNA transfection ([Fig. 4B](#f4-etm-0-0-8644){ref-type="fig"} and [C](#f4-etm-0-0-8644){ref-type="fig"}).

The protein expression of cleaved-Caspase-3 was determined via western blotting. The results indicated that the hypoxia-induced upregulation of cleaved-Caspase-3 protein expression in H9c2 cells was significantly reduced in cells transfected with miR-663b inhibitor. This reduction was reversed following transfection with BCL2L1-siRNA ([Fig. 4D](#f4-etm-0-0-8644){ref-type="fig"}). Together, the results indicated that the miR-663b inhibitor increased the viability of hypoxia-induced H9c2 cells and decreased cell apoptosis.

### Effect of miR-663b inhibitor on the secretion of inflammatory factors in hypoxia-induced H9c2 cells

ELISA was performed to detect the effects of miR-663b inhibitor on the secretion of certain inflammatory factors in hypoxia-induced H9c2 cells. Compared with the control group, hypoxia increased the release of TNF-α, IL-1β and IL-6 while miR-663b inhibitor transfection significantly decreased their release ([Fig. 5A-C](#f5-etm-0-0-8644){ref-type="fig"}). Knocking down BCL2L1 expression using siRNA reversed these effects.

Discussion
==========

Acute MI is characterized by ischemic injury and cardiomyocyte cell death, which leads to cardiac dysfunction and eventual heart failure ([@b3-etm-0-0-8644]). Cardiomyocyte apoptosis is one of the primary types of cardiac cell death during MI ([@b23-etm-0-0-8644]). Protecting cardiomyocytes against hypoxia-induced damage may therefore be a promising therapeutic target for the treatment of MI ([@b24-etm-0-0-8644]).

miRNAs serve an important role in the development of MI. Xiao *et al* ([@b27-etm-0-0-8644]) demonstrated that miR-24-3p decreased apoptosis in mouse cardiomyocytes in response to ischemia/reperfusion (I/R) injury. Zhang *et al* ([@b2-etm-0-0-8644]) also revealed that miR-103a-3p serves a protective role in myocardial I/R injury. Liu *et al* ([@b28-etm-0-0-8644]) demonstrated that miR-199a-5p expression affects hypoxia/reoxygenation-induced cytotoxicity in cardiomyocytes. Additionally, Peng *et al* ([@b20-etm-0-0-8644]) demonstrated that miR-133, miR-1291 and miR-663b expression was significantly increased in AMI compared with controls. However, the role and function of miR-663b in MI is yet to be fully elucidated. A previous study indicated that miR-663b is a tumor-associated miRNA ([@b29-etm-0-0-8644]). Cai *et al* ([@b30-etm-0-0-8644]) also demonstrated that miR-663b exerts a tumour suppressive effect by targeting insulin-like growth factor in pancreatic cancer. It has been reported that miR-663b expression was upregulated in osteosarcoma ([@b31-etm-0-0-8644]). In the present study, it was demonstrated that the expression of miR-663b was upregulated in hypoxia-induced H9c2 cells.

BCL2L1 was determined to be a direct target gene of miR-663b. Bcl2 genes are a mammalian family of genes that encode several proteins that directly regulate the activation of caspase-mediated apoptosis ([@b32-etm-0-0-8644]). As a member of this family, BCL2L1 acts as an antiapoptotic protein, with decreased expression activating a caspase cascade that ultimately promotes apoptosis. However, increased expression of BCL2L1 inhibits cell apoptosis ([@b33-etm-0-0-8644]). Sun and Pei ([@b34-etm-0-0-8644]) revealed that BCL2L1 is a target of miR-66 and increases vulnerability to propofol treatment in developing astrocytes. Lin *et al* ([@b35-etm-0-0-8644]) indicated that BCL2L1 was a target gene of miR-184 and that the miR-184 antagomir promoted apoptosis of osteosarcoma cells.

In the present study, BCL2L1 expression was downregulated at the mRNA and protein level in hypoxia-induced H9c2 cells. The effects of miR-663b on cell injury, viability, apoptosis and the release of inflammatory factors in H9c2 cells were also determined. Under hypoxic conditions, H9c2 cells were transfected with miR-663b inhibitor, inhibitor control, miR-663b inhibitor + control-siRNA or miR-663b inhibitor + BCL2L1-siRNA for 48 h. The miR-663b inhibitor decreased the release of cardiomyocyte injury biomarkers CK-MB and cTnI and increased mitochondrial viability and cell viability while decreasing cell apoptosis and the secretion of the inflammatory factors IL-1β, TNF-α and IL-6. These effects were reversed by BCL2L1 knockdown.

In conclusion, the miR-663b inhibitor protected cardiomyocytes against hypoxia-induced damage by targeting BCL2L1. These data suggested that miR-663b may be a novel target for the treatment of MI, exerting its effects by directly targeting BCL2L1.

Not applicable.

Funding
=======

No funding was received.

Availability of data and materials
==================================

The datasets used and/or analyzed during the present study are available from the corresponding author on reasonable request.

Authors\' contributions
=======================

FY and XZ designed the study, collected the data, performed statistical analysis and data interpretation, and wrote the manuscript. CS (qRT-PCR, MTT data collection), WX (flow cytometry analysis and ELISA data collection) and JX (ELISA and MTT data collection) collected the data and prepared the manuscript. All authors read and approved the final version of this manuscript.

Ethics approval and consent to participate
==========================================

Not applicable.

Patient consent for publication
===============================

Not applicable.

Competing interests
===================

The authors declare that they have no competing interests.

![Expression of miR-663b in hypoxia-induced H9c2 cells. H9c2 cells were cultured in hypoxic conditions for 48 h. Reverse transcription-quantitative PCR was performed to detect the expression of miR-663b. Data are presented as the mean ± standard deviation of three independent experiments. ^\*\*^P\<0.01 vs. control group. miR, microRNA.](etm-19-06-3581-g00){#f1-etm-0-0-8644}

![BCL2L1 is a target gene of miR-663b. (A) Prediction of miR-663b binding to BCL2L1 using TargetScan. (B) A dual luciferase reporter assay was performed to confirm binding between miR-663b and BCL2L1. (C) Reverse transcription-quantitative PCR and (D) western blotting were performed to determine the expression of BCL2L1. Data are presented as the mean ± standard deviation of three independent experiments. ^\*\*^P\<0.01 vs. mimic control group; ^\#\#^P\<0.01 vs. control group. BCL2L1, B-cell lymphoma 2 like 1; WT, wild type; MUT, mutant; miR, microRNA.](etm-19-06-3581-g01){#f2-etm-0-0-8644}
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Effect of the miR-663b inhibitor on H9c2 hypoxia-induced cell injury. (A) miR-663b expression in transfected H9c2 cells. (B) mRNA expression of BCL2L1 in transfected H9c2. (C) BCL2L1 mRNA and (D) protein levels in transfected H9c2 cells. Release of (E) CK-MB and (F) cTnI. (G) Mitochondrial viability. Data are presented as the mean ± standard deviation of three independent experiments. ^\*\*^P\<0.01 vs. control group; ^\#\#^P\<0.01 vs. hypoxia group; ^&&^P\<0.01 vs. hypoxia + inhibitor group. miR, microRNA; BCL2L1, B-cell lymphoma 2 like 1; siRNA, small interfering RNA; CK-MB, creatine kinase-muscle/brain; CTn1, Cardiac troponin 1.
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miR-663b inhibitor increases hypoxia-induced H9c2 cell viability and reduces apoptosis. (A) An MTT assay was used to detect cell viability. (B) Flow cytometry combined with (C) annexin V/PI staining was performed to measure apoptosis. (D) Western blotting was used to demonstrate cleaved-Caspase-3 protein expression levels in H9c2 cells. Data are presented as the mean ± standard deviation of three independent experiments. ^\*\*^P\<0.01 vs. control group; ^\#\#^P\<0.01 vs. hypoxia group; ^&&^P\<0.01 vs. hypoxia + inhibitor group. PI, propidium iodide; miR, microRNA; si, small interfering.
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![miR-663b inhibitor decreases TNF-α, IL-1β and IL-6 expression in H9c2 cells under hypoxic conditions. ELISA was performed to measure the levels of (A) TNF-α, (B) IL-1β (C) and IL-6. Data are presented as the mean ± standard deviation of three independent experiments. ^\*\*^P\<0.01 vs. control group; ^\#\#^P\<0.01 vs. hypoxia group; ^&&^P\<0.01 vs. hypoxia + inhibitor group. miR, microRNA; TNF-α, tumor necrosis factor α; IL, interleukin; siRNA, small interfering RNA.](etm-19-06-3581-g06){#f5-etm-0-0-8644}
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